This study sought to characterize temporal trends, patient-specific factors, and geographic variation associated with amputation in patients with lower-extremity peripheral artery disease (LE PAD) during the study period.
Lower-extremity peripheral artery disease (LE PAD) is a prevalent disorder that affects approximately 8 million Americans (1) . In its end stage, patients with severe PAD can require LE amputation (2) . LE amputation is associated with significant morbidity, mortality, and healthcare costs (3, 4) . Over the past decade, treatment strategies for those with PAD have improved, including better early detection, more frequent referral for diagnostic imaging, and improved revascularization options. Combined, these may have significantly reduced the need for LE amputation, yet no national studies have summarized these changes. In addition, treatment of PAD often differs regionally (5-7), and it remains unclear whether geographic variation may further contribute to the risk of LE amputation. Consequently, we performed an analysis of the U.S. Medicare data to provide a more contemporary report of national temporal and geographic trends in amputation. Our specific aims were to: 1) characterize temporal trends in LE amputation during the study period; 2) examine patient factors that were associated with LE amputation; and 3) determine whether there was geographic variation in LE amputation across the United States.
Methods
Data sources. We obtained the 100% inpatient Medicare standard analytic files and corresponding denominator files from the Centers for Medicare & Medicaid Services (CMS) for January 1, 2000, to December 31, 2008. The inpatient files contain institutional claims for facility costs covered under Medicare Part A. The denominator files contain beneficiary demographic and clinical characteristic data. We restricted the study population to those patients with fee-for-service Medicare Parts A and B enrollment at the index admission and censored patients if they switched to managed care and/or dropped Medicare Part A or B. Identification of patients. We identified beneficiaries for whom an International Classification of Diseases-Ninth Revision-Clinical Modification [ICD-9-CM] diagnosis code or procedure code for LE PAD was reported during the study period (Online Appendix 1). We also identified beneficiaries who underwent a first major LE amputation (as defined by above-knee or below-knee amputation, not including transmetatarsal or foot amputations) during the study period as those for whom an ICD-9-CM procedure code (84.13 to 84.18) for above-knee or below-knee amputation was reported. In subjects who underwent multiple LE amputations, those that occurred after the index major amputation were not included in the analysis. Patient characteristics. Patient demographic characteristics included age, sex, race, state of residence, and ZIP code of residence. Medicare beneficiaries report race at the time of enrollment. We used previously validated methods to identify comorbid conditions using ICD-9-CM billing claims for up to 5 years before the index hospitalization (8) . We used the patient's state of residence to group beneficiaries into 9 U.S. Census Bureau regions (Online Appendix 2) (6,7). Statistical analysis. We present categoric variables as frequencies with percentages and continuous variables as means with standard deviations. To test for differences between groups, we used the Pearson chi-square test for categoric variables and the Wilcoxon ranksum test for continuous variables. We calculated the annual rates of lower-extremity amputation, the annual rates of hospitalization and amputation from 2000 to 2008, and the ratio of amputation in each state to the national rates and mapped these ratios. To determine whether geographic variation was associated with amputation, we performed multivariable logistic regression adjusting for clinical variables (age, sex, race, and comorbid conditions, including diabetes mellitus, renal disease, congestive heart failure, and cerebrovascular disease) and further adjusting for index year and geographic variation within the model. Odds ratios (ORs) and 95% confidence intervals (CIs) are presented for LE amputation.
The Duke University Institutional Review Board reviewed and approved this study design. We used SAS statistical software, version 9.2 (SAS Institute Inc., Cary, North Carolina) for all analyses.
Results

Patient characteristics.
There were approximately 3 million Medicare beneficiaries hospitalized for PAD from 2000 to 2008. A total of 186,338 patients (6.8% of the overall hospitalized population with PAD) underwent LE amputation during the study period. Table 1 shows the demographic and clinical characteristics of all Medicare beneficiaries who were hospitalized for PAD and the characteristics of those with and without LE amputation during the study period.
Among beneficiaries who underwent major LE amputation, approximately 65% were Ͼ75 years old, approximately one-half were men, and one-quarter were black. Patients with PAD who underwent amputation were more likely to be black (28.1% vs. 9.5%, p Ͻ 0.001), to have diabetes mellitus (60.3% vs. 35.7%, p Ͻ 0.001), and to have renal disease (29.5% vs. 15.5%, p Ͻ 0.001) when compared with patients with PAD who did not undergo an amputation. Table 2 shows the results of logistic regression models created to show the clinical predictors of LE amputation. Men, African Americans, and the presence of diabetes and renal disease were clinical and demographic variables independently associated with LE amputation, whereas coronary artery disease and cancer were associated with reduced risk of LE amputation. Temporal trends in PAD treatment and LE amputation. From 2000 to 2008, the overall use of LE amputation decreased significantly during the study period (7,258 to 5,790 LE amputations per 100,000 Medicare beneficiaries with PAD, p Ͻ 0.001; Table 3 ). Table 3 also shows the temporal trends in LE amputation over the study period (total, above knee, below knee). The adjusted OR of LE amputation per year after 2000 was 0.95 (95% CI: 0.95 to 0.95, p Ͻ 0.001) ( Table 2) . Geographic variation. There was significant geographic variation in the rate of lower-extremity amputation from 8,400 amputations per 100,000 patients with PAD in the East South Central region to 5,500 amputations per 100,000 patients with PAD in the Mountain region. Figure 2 shows the rate of amputation per the U.S. Census Bureau during the study period.
Geographic variation continued to be independently associated with LE amputation after adjusting for clinical variables and temporal trends in the multivariable model. Even after adjusting for clustering at the U.S. Census Bureau level, geographic variation in LE amputations remained. LE amputation was performed more often in the East South Central region ( (Fig. 1 ). Of note, geographic variation remained statistically associated with LE amputation after adjustment for clinical factors. There are multiple potential explanations for the dramatic decrease in the number of LE amputations observed in the current study. First, the importance of prevention of LE amputation and emphasis on early screening and detection of vascular disease in patients at risk for LE amputation may be contributing to the decline in amputation rates (9, 10) . Second, studies of revascularization procedures in patients with PAD have consistently shown that the use of endovascular revascularization has increased significantly after 2000 and when combined with improved screening and detection methods may contribute to the decline in amputation rates (11) . In the current study, we used the Part A Medicare dataset that captured inpatient billing claims, and because of this, we were unable to fully explore the use of screening tests and revascularization procedures, some of which may be performed more frequently on an outpatient basis. The national shift to outpatient care and procedures in cardiovascular medicine is unlikely to affect the measurement of major LE amputations, such as above-knee and below-knee amputations, but it may be possible for ray amputations.
When studying the effect of geographic variation, prior work from Medicare beneficiaries with diabetic foot ulcers has proposed that the risk of LE amputation is more an COPD ϭ chronic obstructive pulmonary disease; OR ϭ odds ratio.
effect of the location of a hospital referral region (HRR) rather than the HRR itself (12) . This report found that spatial clustering was present, in other words, that higher LE amputation rates in HRRs were more likely in the presence of nearby HRRs with high LE amputation rates rather than in nearby HRRs with lower LE amputation rates. Given the clustering of regions with a higher risk of LE amputation in the current study, this suggests that similar, unmeasured effects of socioeconomic status, access to care, and application of care may contribute to the risk of LE amputation in patients with PAD. In addition, the timing of patient presentation for evaluation of patients with rest leg pain or ischemic ulceration may vary, and underscores the importance of patient education and awareness in those at highest risk for LE amputation. Finally, the threshold to perform LE amputation differs among providers, and therefore further exploration of the presence of vascular specialists per region and the presence of integrated vascular care specialty centers may help explain some of the variation in our study. Regardless of these factors, this variation highlights the importance of programs to educate patients and providers in the areas with the highest use of LE amputation. The study findings provide focus for areas of further research. Analyses are needed to determine whether hospital and provider characteristics contributed to the observed Rate of Lower-Extremity Amputations per U.S. Census Bureau During Study Period Figure 1
Geographic Variation in Use of Lower-Extremity Amputation geographic variation. Further research also is needed in understanding "best practices" and features associated with low amputation regions and areas with significant reductions in amputations over the study period. In fact, a recent analysis from Medicare Part B data reported a significant variation in the intensity of diagnostic angiography, endovascular revascularization, and surgical revascularization in the year preceding LE amputation, potentially providing some early insights into practice patterns (5). Study limitations. The current study has multiple limitations. First, Medicare claims data do not include information regarding PAD duration or progression of symptoms, severity and burden of disease, and patients and physician treatment preferences that may affect the decision to perform amputation and the rates of amputation. Second, patients without a definitive diagnosis of PAD who underwent amputation may have been excluded from our analysis. Third, Medicare Part A data only capture inpatient hospital claims and procedures. Although it is unlikely that major LE amputations are performed on an outpatient basis, the association of revascularization procedures before amputation could not be assessed because of a shift from inpatient vascular care to outpatient care. Finally, this analysis included only those patients enrolled in fee-for-service Medicare, and the generalizability to all U.S. patients, including non-fee-for-service Medicare beneficiaries, those with private insurance, and younger patients, is unclear. However, it should be noted that PAD is a disease of the elderly, a population most represented in Medicare.
Conclusions
LE amputation rates have decreased significantly since 2000 in the United States. Significant geographic variation exists in the performance of LE amputation in Medicare beneficiaries with PAD. Future studies should aim to determine the factors associated with the observed reduction in amputations and geographic variation. Finally, the current study demonstrates the critical need for education programs for clinicians and patients that will focus on best practices for the prevention and treatment of PAD in patients at risk for LE amputation nationwide.
